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Objective:  To  assess  children  with  myocarditis,  the  frequency  of  various  presenting  symptoms,
and the  accuracy  of  different  investigations  in  the  diagnosis.
Methods:  This  was  an  observational  study  of  63  patients  admitted  to  PICU  with  non-cardiac  diag-
nosis. Cardiac  enzymes,  chest-X  ray,  echocardiography,  and  electrocardiogram  were  performed
to  diagnose  myocarditis  among  those  patients.
Results:  There  were  16  cases  of  deﬁnite  myocarditis.  The  age  distribution  was  non-normal,
with median  of  5.5  months  (3.25--21).  Of  the  16  patients  who  were  diagnosed  with  myocarditis,
62.5%  were  originally  diagnosed  as  having  respiratory  problems,  and  there  were  more  females
than  males.  Among  the  present  cases,  the  accuracy  of  cardiac  enzymes  (cardiac  troponin  T
[cTn]  and  creatine  phosphokinase  MB  [CKMB])  in  the  diagnosis  of  myocarditis  was  only  63.5%,
while  the  accuracy  of  low  fractional  shortening  and  of  chest-X  ray  cardiomegaly  was  85.7  and
80.9%;  respectively.  Cardiac  troponin  folds  2.02  had  positive  predictive  value  of  100%,  negative
predictive  value  of  88.7%,  speciﬁcity  of  100%,  sensitivity  of  62.5%,  and  accuracy  of  90.5%.
Conclusions: Children  with  myocarditis  present  with  symptoms  that  can  be  mistaken  for  other
types of  illnesses.  When  clinical  suspicion  of  myocarditis  exists,  chest-X  ray  and  echocardiogra-
phy  are  sufﬁcient  as  screening  tests.  Cardiac  troponins  conﬁrm  the  diagnosis  in  screened  cases,
with  speciﬁcity  of  100%.
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Unidade  de  terapia
intensiva pediátrica
Prevalência  de  miocardite  em  casos  pediátricos  na  unidade  de  terapia  intensiva,  com
envolvimento  de  outros  sistemas
Resumo
Objetivo:  Determinar  as  crianc¸as  com  miocardite,  a  frequência  de  vários  sintomas  apresentados
e a  precisão  de  diferentes  investigac¸ões  no  diagnóstico.
Métodos:  Estudo  observacional  de  63  pacientes  internados  na  UTIP  com  diagnóstico  de
problemas não  cardíacos.  Os  exames  de  enzimas  cardíacas,  raio-X  do  tórax,  ecocardio-
grama e  eletrocardiograma  (ECG)  foram  realizados  para  diagnosticar  miocardite  dentre  os
pacientes.
Resultados:  Houve  16  casos  de  miocardite  deﬁnida.  A  distribuic¸ão  etária  não  foi  normal,  com
média de  5,5  meses  (3,25-21).  Dos  16  pacientes  diagnosticados  com  miocardite,  62,5%  foram
originalmente  diagnosticados  como  com  problemas  respiratórios,  e  a  mulheres  estavam  em
maior  número  que  os  homens.  Dentre  nossos  casos,  a  precisão  das  enzimas  cardíacas  (cTn  e
CKMB)  no  diagnóstico  da  miocardite  foi  de  apenas  63,5%,  apesar  de  a  precisão  da  baixa  frac¸ão  de
encurtamento  (FS)  e  do  raio-X  de  tórax  revelando  cardiomegalia  ter  sido  85,7%  e  80,9%;  respec-
tivamente.  A  Troponina  Cardíaca  em  2,02  vezes  apresentou  valor  preditivo  positivo  =  100%,  valor
preditivo  negativo  =  88,7%,  especiﬁcidade  =  100%,  sensibilidade  =  62,5%  e  precisão  =  90,5%.
Conclusões:  As  crianc¸as  com  miocardite  apresentam  sintomas  que  podem  ser  confundidos  com
outros tipos  de  doenc¸as.  Quando  há  suspeita  clínica  de  miocardite,  raio-X  de  tórax  e  ecocardio-
graﬁa  são  testes  de  rastreamento  suﬁcientes.  As  Troponinas  Cardíacas  conﬁrmam  o  diagnóstico
em  casos  examinados,  com  especiﬁcidade  de  100%.
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yocarditis  is  an  inﬂammatory  condition  of  the  myocardium
haracterized by  leukocyte  inﬁltration  and  subsequent
brosis and  necrosis.1--4 However,  because  children  with
yocarditis may  be  asymptomatic,  the  true  incidence  is
nknown,5--7 with  an  estimate  of  around  0.05%.8--10
It  is  a  potentially  life-threatening  condition,9 caus-
ng signiﬁcant  morbidity  and  mortality  with  long-term
equelae, including  congestive  heart  failure  (CHF)  and
ardiomyopathy.4,9 Since  the  mortality  rates  for  infants  and
hildren with  myocarditis  may  be  as  high  as  75  and  25%,
espectively, and  early  initiation  of  therapy  is  potentially
eneﬁcial, prompt  diagnosis  is  imperative.11,12
Myocarditis  in  children  is  a  challenging  diagnosis  to
ake.10 They  have  a  wide  range  of  non-speciﬁc  signs  and
ymptoms, overlapping  with  more  common  disorders  such
s respiratory  distress  and  gastrointestinal  disease.10,13,14
ost  cases  of  myocarditis  are  preceded  by  a  viral  or  ﬂu-
ike illness,15 but  bacteria,  fungi,  protozoa,  parasites,  and
ickettsiae are  also  causative  agents.16 The  use  of  a  variety
f invasive  and  non-invasive  methods  is  usually  mandatory,
ainly based  on  history  and  clinical  features.17 It  is  clearly
mportant to  have  a  high  degree  of  suspicion  to  diagnose
yocarditis.18
Historically,  the  gold  standard  for  the  diagnosis  of  acute
yocarditis required  an  endomyocardial  biopsy  according
o the  Dallas  criteria.19,20 More  recently  ancillary  diagnostic
odalities have  been  used  to  help  make  the  diagnosis  less
nvasive and  more  rapid.  The  use  of  laboratory  testing  (car-
iac troponin  T,  I  [cTnT  and  cTnI,  respectively]  and  creatine
hosphokinase MB  [CKMB]),  echocardiography,  and  cardiac
l
h
aagnetic  resonance  imaging  (MRI)  can  make  the  diagnosis
n the  absence  of  invasive  biopsy.21
High-dose  intravenous  immunoglobulin  has  been  proven
o improve  the  recovery  of  the  left  ventricular  function,  with
 tendency  to  present  better  survival  rate  in  acute  myocardi-
is. Considering  the  cost  of  this  regimen,  the  accuracy  of  the
iagnosis is  essential,  especially  in  developing  countries  in
hich the  high  cost  of  healthcare  is  a  concern.20
This  study  aimed  to  determine  the  prevalence  of
yocarditis in  association  with  other  systems  involved  in
ritically ill  cases  and  to  test  the  use  of  cardiac  enzymes
cTnT, cTnI,  and  CKMB),  chest  X-ray  (CXR),  and  echocardio-
ram for  screening  of  those  cases.
ethods
his  was  an  observational  study,  in  which  all  children  admit-
ed to  Cairo  university  Hospital  Pediatric  Intensive  Care  Unit
PICU) were  enrolled  based  on  the  following  inclusion  crite-
ia:
 All  patients  presenting  with  respiratory  distress;
 Symptoms  and  signs  of  heart  failure;
 Any  infectious  lesions,  either  focal  or  septicemia;
 Multiple  organ  system  failure.
The exclusion  criteria  were  children  with  known  cardiac
esions, either  congenital  or  acquired,  and  presenting  with
eart failure.
On admission,  children  were  subjected  to  full  history














































6Prevalence  of  myocarditis  in  pediatric  intensive  care  unit  ca
respiratory  distress  and  need  for  respiratory  support  (oxy-
gen or  mechanical  ventilation  [MV]);  assessment  of  cardiac
decompensation and  need  for  cardiac  support  (inotropes
or antifailure  drugs);  routine  laboratorial  exams  (com-
plete blood  count,  erythrocyte  sedimentation  rate  (ESR),
C-reactive protein  (CRP),  cultures);  CXR;  cardiac  enzymes:
Troponin T,  Troponin  I,  and  CKMB;  electrocardiogram;  and
detailed echocardiographic  examination  including  M-mode,
2-dimensional, and  Doppler  echocardiography  (echo)  with
color-coding character.
Examinations were  performed  using  a  Philips  equipment




3.  Long  and  short  parasternal
4.  Long  and  short  suprasternal.
Measurement of  cardiac  dimensions:
The M-mode  echocardiographic  tracings  derived  from  the
two-dimensional echocardiography  were  used.  It  is  gener-
ated from  the  parasternal  long  axis  view.  The  M-mode  cursor
line was  positioned  perpendicular  to  the  major  axis  of  the
left ventricle  at  the  level  of  the  posterior  mitral  valve
leaﬂet.
The calculation  of  the  fractional  shortening  (FS%)  from








LVIDd,  internal  dimension  of  the  diastolic  LV  (left  ventricle).
LVIDs, internal  dimension  of  the  systolic  LV.22
Children  with  suspected  cardiac  affection  (myocardi-
tis) by  cardiac  enzymes,  echocardiography,  or  ECG  were
treated with  intravenous  immunoglobulin  2  mg/kg  over  48  h,
in accordance  with  the  usual  protocol  of  this  PICU.
Patients  were  categorized  as  having  probable  myocarditis
(diagnosis made  by  a  pediatric  cardiologist  based  on  medical
history, physical  examination,  and  investigation  results  in
the absence  of  an  endomyocardial  biopsy  or  no  myocarditis).
The investigations  considered  were:
• ECG  criteria  of  sinus  tachycardia  disproportionate  to  the
fever  or  age  of  the  patient.
•  Cardiomegaly  in  chest  radiograph.
• Dilated  left  ventricle  or  both  ventricles  during  echocar-
diography  associated  with  impaired  systolic  or  diastolic
function  and  associated  mitral  valve  regurgitation  (MR).
• Cardiac  enzymes  mostly  cardiac  troponins  elevated  more
than  2.02  folds  of  the  normal  level  of  the  enzyme.
Echocardiographic  ﬁndings  (fractional  shortening)  or  ele-
vated  cardiac  enzymes  were  considered  as  the  most  reliable
keys for  diagnosis  of  myocarditis.
The  outcome  was  evaluated  by:•  Length  of  PICU  stay,
•  Survival  to  discharge,




This  study  was  approved  by  Cairo  University  Ethics
ommittee, and  was  conducted  in  accordance  with  the
uidelines for  human  research.
tatistical  analysis
ominal  data  were  expressed  as  frequency  and  percentage
nd were  compared  using  chi-squared  test.  Numerical  data
ere expressed  as  median  and  range  (25th--75th),  and  were
ompared using  Student’s  t-test.  Non-parametric  data  were
ompared using  the  Mann--Whitney  test.  Pearson’s  correla-
ions were  used  to  explore  associations  between  numerical
ariables. A  p-value  <0.05  was  considered  as  statistically
igniﬁcant.
esults
his  study  comprised  63  critically-ill  children  admitted  to
he PICU,  following  the  inclusion  and  exclusion  criteria.
Regarding  their  admission  diagnosis,  they  were  divided
nto respiratory  infections  (41  cases),  encephalitis  (12
ases), and  others  (ten  cases;  diabetic  ketoacidosis,
nterocolitis, Guillain-Barré  syndrome,  septicemia,  and
ultisystem organ  failure).
Sixteen  (25.3%)  of  them  were  diagnosed  with  myocardi-
is. Among  those,  62.5%  (10/16)  had  respiratory  infections  as
he diagnosis  at  admission,  12.5%  (2/16)  had  encephalitis  as
he diagnosis  at  admission,  and  25%  (4/16)  had  either  dia-
etic ketoacidosis,  enterocolitis,  Guillain-Barré  syndrome,
epticemia, or  multisystem  organ  failure  as  the  diagnosis  at
dmission.
Although there  was  difference  in  the  number  of  females
62.5%) versus  males  (37.5%)  with  myocarditis,  this  differ-
nce was  statistically  insigniﬁcant  (p  =  0.126).  The  median
ge for  those  diagnosed  myocarditis  was  5.5  months
3.25--21), and  for  those  with  negative  myocarditis  median
as 9  months  (4--17;  p  =  0.618).
A  signiﬁcant  association  was  observed  between  patients
ith myocarditis  and  the  following  investigations:  CXR  car-
iomegaly, low  FS,  and  elevated  cardiac  enzymes  (Table  1).
mong the  cases,  the  accuracy  of  cardiac  enzymes  (cTn  and
KMB) in  the  diagnosis  of  myocarditis  was  only  63.5%,  while
he accuracy  of  low  FS  and  of  CXR  cardiomegaly  was  85.7
nd 80.9%,  respectively.
Fig. 1  presents  the  ROC  curve  of  elevated  cardiac  tro-
onin values  represented  in  folds  of  increase.  Because  not
ll patients  had  the  cTn  level  measured  at  the  same  lab-
ratory, we  considered  the  cTn  as  folds  of  increase  rather
han absolute  value  in  order  to  compare  them,  due  to  ref-
rence ranges  variability  between  different  laboratories.
he Area  under  the  curve  (AUC)  was  0.936  (95%  CI:  0.85--1,
 =  0.0001).  Cardiac  troponin  folds  2.02  had  a  positive  pre-
ictive value  (PPV)  of  100%,  negative  predictive  value  of
egative (NPV)  of  88.7%,  speciﬁcity  of  100%,  sensitivity  of
2.5%, and  accuracy  of  90.5%.
Negative  CRP  was  more  often  found  in  patients  diagnosed
s myocarditis  (62.5%;  p  =  0.955).  Fifty  percent  of  patients
iagnosed myocarditis  had  bandemia  (p  =  0.412).
From the  total  cases  diagnosed  myocarditis,  seven
atients developed  MR  (7/16;  43.8%,  p  =  0.014).  Patients
96  Rady  HI,  Zekri  H
Table  1  Relation  between  different  investigations  and  myocarditis.
Myocarditis  p-value  RR/OR  (95%  CI)
Yes No
CXR  showing  cardiomegaly  9  5  0.001  10.8  (2.8--41.8)
Low  FS 12 5  0.0001  25  (5.8--108.8)
ECG  (sinus  tachycardia/arrhythmias) 16  0  0.317
Elevated  cardiac  enzymes 16  23  0.001 0.59  (0.45--0.76)
RR, relative risk; OR, odds ratio; CI, conﬁdence interval; CXR, chest-X ray; FS, fractional shortening; ECG, electrocardiogram.
Table  2  Relation  between  given  support,  length  of  stay,  outcome,  and  myocarditis.
Myocarditis
Yes  (n  =  16)
Myocarditis
No  (n  =  47)
p-value  OR  (95%  CI)
Inotropic  support  (n  =  25)  11  (68.8%)  14  (29.8%)  0.006  5.1  (1.5--17.7)
Mechanical ventilation  (n  =  31)  13  (81.2%)  18  (38.3%)  0.003  6.9  (1.7--27.9)
LOS days  9  6  0.277
Death 8  (50%)  14  (29.8)  0.143
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months (3.25--21),  with  insigniﬁcant  difference  compared  to
non-myocarditis patients.  Soongswang  et  al.  detected  acute =  0.001.
ith  myocarditis  had  almost  ﬁve  times  increased  odds  of
R when  compared  with  non-myocarditis  patients.
Patients  with  myocarditis  had  almost  ﬁve-fold  increased
dds of  inotropic  support,  and  seven-fold  increased  odds
f MV  when  compared  with  patients  with  no  myocarditis
Table 2).
Median hospitalization  of  those  diagnosed  myocarditis
as nine  days  (3.24--14.5)  compared  to  6  days  (5--10)  for
hose with  negative  myocarditis,  p  =  0.277.There was  no  signiﬁcant  difference  regarding  survival
o discharge  between  those  diagnosed  myocarditis  (eight
m
pases,  50%)  and  those  with  negative  myocarditis  (33  cases,
0.2%; p  =  0.143;  Table  2).
iscussion
hile  pediatric  myocarditis  presents  with  signiﬁcant  mor-
idity and  mortality,  data  on  the  prevalence  are  limited,
nd the  diagnosis  remains  challenging.10
This  study  provides  analysis  of  children  admitted  to  the
ICU of  Cairo  University  and  when  screened  through  CXR,
cho, ECG,  and  cardiac  enzymes  (cTn  and  CKMB)  it  was
ound that  the  prevalence  of  myocarditis  was  25.3%.  In  a
ost-mortem study  of  children  who  died  without  a  history
uggestive of  myocarditis,  researchers  found  evidence  of
ctive or  healed  myocarditis  in  17  of  138  cases  (12.3%).3
From  those  diagnosed  as  probable  myocarditis,  62.5%  had
dmission presentation  related  to  the  respiratory  system.
reedman et  al.  found  that  32%  of  their  cases  presented  with
espiratory symptoms.12 The  present  ﬁndings  should  remind
linicians that  pulmonary  complaints  may  be  common  for
hildren with  myocardial  dysfunction,  whereas  cardiac  ﬁnd-
ngs may  be  minimal.23 Inﬂammation  plays  an  important  role
n cardiac  dysfunction  under  different  situations.  Acute  sys-
emic inﬂammation  occurring  in  patients  with  severe  burns,
rauma, and  inﬂammatory  diseases  causes  cardiac  dysfunc-
ion, which  is  one  of  the  leading  causes  of  mortality  in
hese patients.  Acute  sepsis  decreases  cardiac  contractility
nd impairs  myocardial  compliance.24 Although  both  usually
ave a viral  cause,  acute  myocarditis  and  acute  pericarditis
re not  always  associated  (in  the  same  way  that  meningi-
is and  encephalitis  do  not  always  occur  together),  and  the
linical emphasis  is  usually  on  one  or  the  other.25



















2Prevalence  of  myocarditis  in  pediatric  intensive  care  unit  ca
Among  the  examinations  performed,  it  was  observed  that
echo (low  FS)  and  CXR  had  an  accuracy  of  85.7  and  80.9%,
respectively; hence,  they  can  be  used  as  screening  for  sus-
pected myocarditis  cases.
Cardiac  enzymes  cTn-folds  of  increase  more  than  2.02,
had a  high  speciﬁcity  100%,  but  a  low  sensitivity,  of  62.5%.
Similar results  were  found  in  the  study  performed  by  Bohn
and Benson.14 Another  study  found  that  a  cTnT  cutoff  point
of 0.052  ng/ml  had  a  sensitivity  of  71%  and  speciﬁcity  of  86%
for diagnosis  of  myocarditis,  with  a  false  negative  cTnT  rate
of 44%.19
In  general,  cardiac  enzymes  are  elevated  in  myocardi-
tis, but  their  reliability  to  detect  myocarditis  has  been
repeatedly questioned.  Serum  levels  of  cTn  are  more  sensi-
tive in  patients  with  clinically  suspected  myocarditis  than
conventional determination  of  CKMB  levels,  and  indicate
myocyte injury.  Cardiac  troponin  was  mainly  elevated  in
patients with  acute,  early-onset  myocarditis,  whereas  the
absence of  increased  levels  suggests  a  long-term  presence
of myocarditis.26 Thus  the  difference  in  the  present  results
compared to  others  can  be  due  to  the  timing  of  blood  sample
collection.
Regarding the  support  offered  to  myocarditis  cases,
81.2% required  MV,  while,  in  the  study  by  Klugman  et  al.,
only 37.5%  required  MV.10 Moreover,  inotropic  support  was
offered to  68.8%  of  the  present  myocarditis  cases,  compared
to around  35%  in  Klugman  et  al.’s  study.10
The  mortality  rate  among  myocarditis  cases  was  high
(50%). Previous  reports  ranged  from  13  to  38%.19,27
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